Background: Although the incidence of perforation after endoscopic procedures of the colon is low, the rising number of procedures could pose relevant health problems. Recognizing risk factors and optimizing treatment may reduce perforation incidence and the probability of (severe) complications. This study aimed to determine perforation frequency and the management of endoscopic colonoscopic perforation. Methods: A retrospective review of patient records was performed for all patients with iatrogenic colonic perforations after sigmoido/colonoscopy between 1990 and 2005. The patientsÕ demographic data, endoscopic procedural information, perforation location, therapy, and outcome were recorded. Results: In the 16-year period, 30,366 endoscopic colonic procedures were performed. In total, 35 colonic perforations occured (0.12%). All the patients underwent a laparotomy: for primary repair in 18 cases (56%), for resection with anastomosis in 8 cases (25%), and for resection without anastomosis in 6 cases (19%). In three patients (8.6%), no perforation was found. The postoperative course was uncomplicated in 21 cases (60%) and complicated in 14 cases (40%), including mortality for 3 patients (8.6% resulting from perforations and 0.01% resulting from total endoscopic colon procedures). The relative risk ratio of colonoscopic and sigmoidoscopic procedures for perforations was 4. Therapeutic procedures show a delay in presentation and diagnosis compared with diagnostic procedures. Of the 35 perforations, 26 (74%) occurred in the sigmoid colon. Conclusion: Iatrogenic colonic perforation is a serious but rare complication of colonoscopy. A perforation risk of 0.12% was found. The perforation risk was higher for colonoscopic procedures than for sigmoidoscopic procedures. The sigmoid colon is the area at greatest risk for perforation. Immediate operative management, preferably primary repair and sometimes resection, appears to be a good strategy for most patients.
Colonic perforation resulting from colonoscopic and sigmoidoscopic procedures is a rare but serious complication with high rates of morbidity and mortality [1, 3, 6, 7, 12] . The frequency of perforations after colonoscopy is estimated to be 0.03% to 0.8% for diagnostic colonoscopy and 0.15% to 3% for therapeutic colonoscopy [22] . With increasing numbers of colonoscopies being performed for screening purposes, this small possibility of perforations still may cause a high number of clinical problems. The optimal treatment for perforations, whether conservative or operative, still is unclear because no randomized trial has ever been conducted.
Recent studies are acquiring evidence for laparoscopic and endoluminal repair using clips for perforation closure [15-17, 19, 22] . Knowing risk factors, recognizing early signs of perforation, and giving early and optimal treatment may reduce the probability of (severe) complications and death from iatrogenic colon perforations. In this report, we review the literature and present the results of a 16-year retrospective analysis in a teaching hospital.
Patients and methods
Between 1990 and 2002, a record of all iatrogenic colonic perforations was kept. Perforations in [2003] [2004] [2005] were found via the hospital information system using diagnosis (accidental perforation/laceration during diagnostic procedure) and procedure (colonic perforation) codes. A review investigated the records of all the patients with iatrogenic colonic perforations after sigmoido/colonoscopy from 1990 to 2005. The patientsÕ demographic data, endoscopic information, clinical presentation, location, therapy, and outcome were recorded. Correspondence to: M. E. Keemers-Gels
Results

Demographic
Between 1990 and 2005, 30,366 endoscopic procedures of the colon (9,209 colonoscopic and 21,157 sigmoidoscopic procedures) were performed in our hospital. In this 16-year period, 35 patients were found to have iatrogenic perforation (incidence, 0.12%). The perforations were divided unequally between the sexes, with 24 occurring in women and 11 in men. The percentage of women who had an endoscopic colonic procedure is not known, so the relative risk ratio cannot be calculated. The median age of the patients was 67 years (range, 42-86 years).
Indications and procedure type
The indications for endoscopy in the patients with perforation were polyps (n = 17), anaemia/rectal bleeding (n = 8), diverticulosis/itis (n = 6), obstructive tumor (n = 3), and inflammatory bowel disease (n = 1). Perforation occurred 23 times during a colonoscopic procedure (incidence, 0.24%) and 12 times during a sigmoidoscopic procedure (incidence, 0.06%). The relative risk ratio of 4 showed that perforation is more likely with colonoscopic than with sigmoidoscopic procedures. A diagnostic procedure was performed for 12 of the perforation cases, and a therapeutic procedure was performed for 23 cases. The therapeutic procedures consisted of 15 polypectomies, 6 biopsies, and 2 laser treatments for angiodysplasia. Our hospital is a teaching hospital. All the procedures were performed by or under supervision of experienced endoscopists.
Perforations
In 13 cases (36%), perforation was noticed by the endoscopist through visualization of extra-intestinal tissue during the procedure, and all but one patient underwent surgery on the same day. In five perforation cases, the remark, ''difficult procedure,'' was made by the endoscopist in the report. Most perforations were diagnosed shortly after the procedure because of symptoms and signs of perforation. Altogether, 19 patients (54%) underwent surgery on the same day as the endoscopy, 6 (17%) on the second day, and 8 (23%) more than 2 days after endoscopy. For two patients (5.7%), the time between endoscopy and surgery could not be retrieved from the record. All perforations after diagnostic endoscopy were diagnosed and subjected to surgery the same day. This means that all perforations with a delayed presentation followed a therapeutic procedure.
Most perforations (n = 26, 74%) occurred in the sigmoid colon, with 5 (14%) occurring in the descending colon and 2 each (6%) in the transverse colon and ascending colon. All 35 patients underwent surgery, although in one case, conservative treatment was started but a resection was performed 2 days later. In 3 of the 35 cases, serosal tears were seen with no actual perforation, and no oversewing was performed.
Three types of surgical correction were performed: primary repair, resection with anastomosis, and resection with colonic diversion. Primary repair was performed for 18 of the actual perforations (56%), including one laparoscopic procedure. Resection with anastomosis was performed for eight patients (25%), and a colonic diversion was performed for six patients (19%). Because the absolute numbers of diagnostic and therapeutical procedures were not known, the perforation rates for the type of procedure could not be calculated.
Complications
Of the 35 patients, 21 (60%) had no complications and showed a fast postoperative recovery. The remaining 14 patients (40%) experienced complications: fascial dehiscence (n = 3), stenosis and anastomosis leakage (treated with relaparotomy) (n = 2), pulmonary embolism (n = 2), prolonged ileus (n = 1), allergic reaction to medication (n = 1), barium peritonitis after colon barium enema (n = 1) and cardio vascular accident (CVA) (n = 1). Three patients, all with serious comorbidity, died shortly after surgery. One patient died of a pulmonary cause, and twice it was decided to stop treatment for patients with high comorbidity of a cardiac and pulmonary origin. The 30-day hospital mortality rate was of 8.6%. For all the patients with perforation, the mean hospital stay was 16 days (median, 13 days; range, 5-71 days).
Discussion
Perforation at the bowel wall, a serious complication of colonoscopy and sigmoidoscopy, often requires surgical intervention and has a high morbidity and mortality rate (Table 1) . Findings have shown perforation risk to be 0.03% to 0.8% for diagnostic colonoscopy and 0.15% to 3% for therapeutic colonoscopy. These risk figures most likely are underreported because the studies depend on documentation accuracy [1-5, 7-10, 13, 22] . It also is likely that some (smaller) perforations are missed completely, remaining subclinical and healing spontaneously. Subclinical perforations described as localized abdominal tenderness and short-lived pyrexia at presentation have proved to be ''sealed perforations'' at subsequent laparotomy for other reasons [14] .
There is a difference in perforation risk between sigmoidoscopy and colonoscopy. This study found the perforation risk for colonoscopic procedures to be four times higher, exceeding the relative risk ratio of 2 described in previous reports [8] . Several studies have shown a difference in perforation rates between diagnostic and therapeutic procedures [4, 9] .
Perforations follow three principal mechanisms: mechanical perforation by the endoscopeÕs tip or loop (often in a difficult bend), barotraumas from overinsufflation (often in preexisting near perforations), and therapeutic procedures such as electrocoagulation for polypectomy and laser or argon plasma coagulation (rare).
Perforations after therapeutic procedures often are diagnosed late, probably because of different pathophysiologic mechanisms [2, 4] . In diagnostic procedures, perforations most often result from pressure to the colonic wall and can be noticed immediately via visualization of extra-intestinal tissue by the endoscopist. In the case of therapeutic procedures, ischemia of the colonic wall caused by electrical or thermal injury after electrocoagulation or laser can cause delayed perforation. Our results showed an average of 0.36 days until perforation diagnosis after diagnostic procedures, as compared with 1.5 days after therapeutic procedures. Perforation risk is greatest for the sigmoid colon, presumably due to the bending of the sigmoid.
The current literature reports mortality rates of 0% to 50% [12] . The hospital mortality rate in the current study was 8.6%. Most fatalities involved patients with serious comorbidities.
In three cases, no actual perforation was found during surgery. In one case, the endoscopist suspected a perforation during the procedure, and in two cases, perforation was suspected shortly after operation due to signs of peritonitis, fever, and leucocytosis. However, at surgery, only serosal tears were seen without a transmural perforation, and no free fluids or air was seen. Serosal tears without mucosal damage are a known complication of colonoscopy. Experiments proved that when a tip or bend of a colonoscope is pressed hard against the colonic mucosa, a serosal tear may occur, even when there is no mucosal perforation [20] . Another explanation maintains that no transmural perforation was found in the three cases because small perforations that did occur closed by themselves shortly thereafter without being noticed by the surgeon [7, 10] .
Like most other studies, this study, showed more perforations among female patients (Table 1) [1-6, 10, 11, 13, 21] . However, because the male-to-female ratio for all procedures is not known, the relative risk cannot be calculated. A statistical study showed similar risk for males and females [8] . One study showed a greater total colonic length in females, suggesting this as the cause for more difficult procedures [18] .
Pelvic surgery, more commonly performed for females, is another risk factor for perforation mentioned in the literature [13] . Although more problems in the sigmoid colon of women would be expected because of pelvic surgery, we found comparable perforation percentages for the sigmoid colon between males and females.
Our survey showed that most patients with a perforation are treated surgically, and most authors agree that conservative treatment is advisable only if the perforation is diagnosed late and no peritoneal signs are present (Table 1) . We started conservative treatment in only one patient, then changed to surgical treatment after 2 days because of unsatisfactory recovery [3, 5, 10, 11, 21] . Delaying surgery in some situations may lead to irretrievable situations [10] .
A survey of published studies in 1991 showed a higher mortality rate for surgical treatment than for conservative treatment [10] . However, because this was only a descriptive study, we believe the two groups were not comparable, so no conclusions can be drawn from these results. It is very well possible that because the conservative group had fewer complaints, no immediate surgery was performed.
An alternative to both open operative repair and conservative treatment is a diagnostic laparoscopy. The perforation can be identified, and small perforations can be oversewn or small tangential resections can be performed. If difficult or complicated situations are identified, conversion to an open procedure can be performed. This study showed that 21 of the 35 perforations (60%), were treated well with oversewing of the perforation (n = 18) or no surgery at all (n = 3). In these cases, laparoscopic treatment could have been a good alternative to an open procedure [16, 22] .
Recent studies have shown the possibility of endoscopic perforation closure using endoclips. For small perforations, clipping can result in mucosal and submucosal healing, preventing fecal soiling of the peritoneal cavity. Clipping could be a helpful adjunct to conservative treatment, lowering the need for surgical intervention with its risks [15, 17, 19] .
Conclusion
Iatrogenic colonic perforation is a serious but rare complication of colonoscopy. Risks of perforation (0.12%) and mortality (0.01%) were found that are comparable with frequencies found in literature. Col- onoscopic procedures show a perforation risk four times higher than that for sigmoidoscopic procedures. Therapeutic procedures have a higher perforation risk than diagnostic procedures. The sigmoid colon is the area at greatest risk for perforation. Immediate operative management, preferably primary repair and sometimes resection, appears to be the best strategy for most patients. Conservative treatment is reserved for carefully selected patients only.
